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MICROWAVE SINTERING OF LARGE ALUMINA BODIES

R.D.Blake and J.D.Katz
Los Alamos National Laboratory
l.os Alamos, NM B/544

ABSTRACT

The application of microwaves as an e¢nerpgy source for materials
processing of large alumina bodies at eclevate! temperatures has
been very limited to date. Due to the restrictions inherent to the
process, most work has concerned itselt with small laboratory
samples. The nonuniformity of the mlerowave tleld within a cavity
subjects large alumina bodies to areas ot concentrated energy,
resulting in uneven heating and subsequent  cracking. Smaller
bodies are not signilicantly atfected by fleld nouunitormity due
to their smaller mass., This work wlll demonstrate a method ftor
microwave sintering ot large alumina bodies while main aining
thelr structural Integrity. Several alumina contlpguratlons were
successtully sintered using a method which creates an artificial
fleld or environment within the microwave cavity.

INTRODUCTION

Microwave sintering of large alumina bodien has proven diffficult
due to the restrvictions Imposed by the microwave tield, A multi:
mode  ecavity  operatlng  at  2.4%  CGHz  contalng an Icherently
nonunfform clectvomapnet ie field. Small laboratory samples can be
sintered In this field with relative suceess, Multiple laboratory
samples have also been simultaneously sintered wsing the proper

insulation contipuration . Moltlple  sintering  represents  an
increase In total mass, but in not a sipnlfieant Inerease In the
volume of the individual partsz, Althouph  successinl | these

proces ses and  dnsulation cont ipurations were not  applicable to
larper alumina bodles, As the work plece inereases in mass and
cross sectlon it becomes subject to crvacking, and warping, due to
the nommitorm {leld, which creates  hot spots or areas of
concentrated eneapy, Coupled with this conditton 14 the necessity
of velecting Insalation materials whieh are both transparent to
the microwave [Held and able to with:hitand elevated temperatuar e,
To operate In wuach a hostile environment {1t was necessmy (o
create ano mtithodlal environment within the microwave cavity . This
wotk will demonstrate the fabrication ot sach an enviyonment  in
which  Tarpe  alumina bodlen weve  aintesed  crack tree to hiph



densities.
THEORY OF MICROWAVE HEATING

The power ddissipated bv 4 ceramie in o cleetrie tield creates
heatine, The power dissipated is piven by the tollowing cquation” .

PooocSare Pl 20 ran N D
where P is the power dissipated, t is the {requency, ! is the
dlelectric constant, £ is the clectric field strengrth, and tan &
is the loss ranpent for the dielectric. This illustrates that the

ceramic must have an appreciable loss tangent and dielectric
constant in order tor significant heating to occur., The depth of
microwave penctration into the sample 1s quantified by the skin
depth which is the distance at which the clectrice field falls tao
1/7¢ (which is cqual ta 3/%) ol the tield strenpgth at the surface.
The skin depth is calealated trom the tollowing tormla

Skin depth - 1 sontpoy t?2)

where p s the magnetic permittivity and o s the de conductivity.
Hiph-purity alumina, such as that used in this study, ia larpely
transparent to 2,49 Gllz microwaves at room tewmperaturs; the skin
depth {4 of the order ot moters,

MICROWAVE. FAGILITY

All experimentat fon was conducted fnoa 0,609 m‘ t)ott l) 1osondnt
microwave cavity oaperating at a frequency ot 2oan dlle with o
makimum power level of 6 kW, The cavity, although not alrtipht was
operated with a tlowing arpon atmosphore. The  temperature wan
monitored using an Aceatiherd tiber optie chermometer which passed
through the cavity wall and way siphted next to the wrk piece, A
slup, tuner mounted (o the cavity was used to reduce rvellected
micrownve power and to enhance mierowave |‘n|||l||llv_ to the work
ploece,

MATKERIALS AND SAMPLE PREPARATION

Three contipmattons ot alumina bodles were ubsed o this stady,
The flrst were aluming di«k:, O 197 m x 001 m oo THH" 0 "™
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and 019 mox 001 oo 1305 x 0, 7H0") shich weipghed vah proars
and Y prams respectively The+se disks were celd pressed from
AEP- 50" powder which has @ mean particle sice of 000 pmoand o
purity ot 99 9% The proen anag sintered disks were S5O% amd 9% ot
theoretical density respectively. The  second  shape was
commerclally supplicd hexagonal tile oi Aapaost im0 01397
(5.5%0") point te point x 00127 m (0. %0"Y weiphing 420 prams and

containing a binder The green and snintered hexagonal tiles are
compared  in  Fip,. l, the depree ot densification, e ot
theoretfcal denslty, is obvious by comparing, the two tiles.  The

third shape was  also o commeveially  suapplicd tile ol AD-90
alumina 01016 m x 01016 x 00127 m (4" x 4" x 1/2"), weiphing,
929 grams and containing a binder. The AKP 50 disks were tarmed by
uniaxial pressing at 1/0 psi. without binders or siatering aids,
The commercial pretormed hexaponal and square tiles were preheated
to 800°C for 10 hours to remove the hinder prior to microwave
sintering,,

SINTERING PROGCEDURES

The alumina work plece was hounsed within o double enclosure of
carbon and aluming Insulation. An ioner box of cartbon immediately
surrounded  the sample followed by an outer bhox of  low density
alumina Innwlaclon. Fip. ) shows the mample with the top carbon
disk and alimina Insalation rvemoved, resting, in the low density
aluminag insulation box. Temperature was monitored by insertion of
an optical tiber  thermometer.  The assembled contipuration was
slowly heated Inoan amrpon atmosphere from voom temperature to
16007°C with an Isothermal hold of 10 minuted. The total processing,
evele required 7 B howrs. To aveld thermal cracking the samplos
were Slowly cooled by aeducing the power unt il reaching 13100%C at
which time the power was turned ofl ) Stow cooling continued with
thee alumina Tnsalatlon containing the heat antll aeaching room
temperatur e,

DESIGN OF INSULATION

A low density commereial alaming Tnsulation hom ab Ao l’.p',,/ln‘)
contaloing 0% 5100 was used 1o contaln the work picess dm iy,
sintering.  The Inealation served several  purposes, one bq to
contaln the heat darfoap, sintering, another i to prevent acing
within the miciowave cavite  Inltlal attempts gt sintering the
dabamina work pleces howsed only withio the aluming Deaadlat fon met
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After Sintering Betore Sintering

Flpure 1. Green and wicrowave sinternd hexaponal tlles ot (oors
AD995  alumina. The microwave sintersd tiles had an
average deusity of 93% and weiphed 420 grams.

Fiproe 0 Samples were afntered fnom ioaner hox ot coarhon which
wan  rhen aatrounded by s o ovter hox of low deneit
abvmina Jpesalat fea The top abumina insalation hoare

and conhen dEskr were vemoved T Yhis pletnge



with poor results. 'nlike mall diumina samples the  larpe
dlumina bodices cracked or complerciv shattered auring cinrering,
This resulted from an increased mass ol workiny, material within a
nonunitorm microwave icld., Methods 'o create a uniform field
within the cavity such as using a4 stirring ran or a rotating table
have only met with lim.'ed success. 11 wan thererore necessary to
create a system in which the aluming work picces were surrounded
hv a uniform microwave f{iceld while contained within . nonunitorm
cavityv., A svstem which would oo allow the work picee 1o rise
slowly o dits sintevine cemperature and eliminate  thermal
cracking,.

ARTIFICIAL MICROWAVE FIELD

Two insulation materials weve selected to contain the alumina work
pieces. A low density alumina insulation board was selected tor
its transparency to microwaves and  its ability to withstand
relatively high temperatures  The sccond material, o low density
carbon was used o crrvound the work piece. The carbon  was
selected because ot ita proven ability as a setter material tor
alumina, and it also acts as 0 mictowave susceptor, transferviug,
heat uniformly. For hear contarnment in the microwave cavity a hox
wias tabricated 0.0 o 11" square x 00889 m oo} 1/2") hiph x
OO0 m (1 1/2"v thick of the low density alumina insulation.
Inside this insulation box a carbon arsemblagse was tramed around
the alumina work piecce, Within the alumina insulation box, a
00063 m (0.2%0" thick bed of 0 mesh alumina prain was evenly
spread on the bottom board ot insulacion Upon this hed rested a
carthon disk O 16827 wm a.e2h")Y x 0 125"y 0. 0011/ m which in
trun held the aluminag wortk picee. A thin laver of alumina prain
wis ipread between the ciaabon disk and work picee to insme case
o movement  ax o the alumina shrank dwrong sintering. Thias also
preventod any cross contaminat ton ot the materials, Two adddtional
carhon disks of the wame dize were placed on top of  the wvork
plece . apgain with alumina prain between the carbon and the wark
plece. The wdpes of the alimina work piece were hoxed in on four
wides with two carbon ovips per side, cach measuriog O, 1714 m
(o /0"y x 0 0y m o1 %0y 2 0 0032 o (0 1Y These strdps
tested on edpe cupported hy the top carbon dlsks,  completely
cucfosiog the work picee. A Lhole was it led throuph one wall ot
Che insulat{ion and through two cathon strips ta allow passape of o

optie flher lipht pipe o menitor temperature Thisn assembied
conl g atlon was sdowly heated in o Hlowing apon atmosphetrse to
prevent carhon oxdation at the eclevated temperatares:, Ihe heat

cveldle of /7 (o B houra vops{sted of o slow trse o 160D aud an
fsuthermal hold tor 10 mpnutes tollowed by o slow coonl ddewn 1o
toom temperatuare ohee Fip V), aedocing thernal shock  Although
thewe procedmes proved cacee-citul, wome cracking ocemaed in o



amial L opercentace ot the sampled. Mhis was atiribated ro incomplete
sinaer bake our o1 che Lexaranal ries. e vresence ot binders in

the  amples  auring wlorowave  ntering sestuited  on oneleerive
coupling ro the bindey nd oabsegnent qancontrolled rapid heatin
ind cracking ot the sampice.  Also contvibuting to the cracking was

degradation o! the carboun enclosure, ddue to an inadedudate argon
atmosphere in the loeseiv wealed cavity, The problems were casily
resalved by increasing the bhake. ot cime for binder removal, and
additional arpon flow aaving microwave cintering,

POWER USAGE

Typical input and retlected power curves versus time tor an AD99S
hexagonal tile are shown in Fig, «. The retlected power is iilmost
nepgligibhle compaied to the nput power. Retlected power was not
vven measurable until reaching /00 W oot input power, at which
time it onlvy amounted to 14 of the total power. The peak retlecred
power of H% was reached ot a total input power of S8%. As the
retlected power i4 not recoverable, the toval power usage was 8%
of the available power ot n kW, This amounted toe a peak power
nsae of UBBO W oto sinter an alumina hex tile. This represents a
more etficient nke of coacree s compared to microwave sintering ot
much  smaller laboratory '..'unplv.-;l. The scale-up  in mass  lowers
power consumpt ion considerably, an 1mporvant aspect as applied ta
industrial  processing. [t processing time or time at  peak
temperature is considered, an additional savings in enerpy is
roaticed, Alumina samples weiphing as much as 929 prams  were
microwave  sintered  within ! to  H  hours, as  compared to
convent fonal  sinteting which mav  require  M4-af hours  tor  the
sintering and cooling process. It is only practical to compare
enerpy costs {or mictowave sipterinyg, with conventional clectrical

ddnterinp, as natural vas itoa cheaper eneryy soutce Y Awrain, the
relatively shorvt ecvelde time lTor mictowave processim, may weiph
well apainst the cost ditterences with natural pas,

RESULTS

Although the mic) owave field within thie cavity 1emained
nommitorm, the cothan enelosore ecreated an o antiéleial microwave
tield swrounding the olhaming work picce. This allowed for wlow,
i torm heating producing Jdense, crack free alumina bodies The
Abvmina work prece would cnaseept itsell o elevated {emperatares,
hawever | it was neceossy 1o house 1t the coabon enclosare toy
cven heat disgribation and to contirol the heating cvele  Slhnter ing
appedted amdtorm throaphont the aaples, no warpape was evident
and  dimensfjonal tolerances were matntained The theoretliceal

densirn joen Wity o RN Y | Ceramioens produced by thi« techndgue



Figure 3.
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ite of pood quali*v. Densitics are comparable within « or S% to
those which result from conventionali yrocessing. The average power
tevel needed or sintering the alumina tiles was 5% of the
maximum level ot 6 kW or ., kW. The sintering cvele required 7
to 8 hours ({rom room temperature to vool down. Since the
completion o1 this work, additional 1like samples have been
successtully sintered within a % hour cvele. These :inlumina samples
represent a vast incrcease in volume over previouslv sintered parts
and are belicved to be the larpgest " irh purity alumina bodies
sintered by microwiave processing. Al=es of yignificance is the
relatively short processing :ime und the varietv ot shapes
involved. The results have shown that mnmicrowave sintering of
4lumina can be achieved bevond small laboratorv samples and may be
i@ viable alterative to conventional processing methods.

FUTURE WORK

This work has :described . successful method for microwave
sintering of large alumina bodies, but more 'work needs to be done
to optimize the processes to accommodate producticn operations,
Tow.rd that end a new pressure/vacuum microwave cavity is being
put on liue which will allow a tight atmosphere, and mav produce
more uniform microwave licld due to [ts cvlindrical shape. For
production purposes the alumina insulation and carbon susceptor
need to hecome an integral part ot the microwave cavity and be
capable of withstanding repeatedd usage. With these and perhaps
other necessary retinements in place, full scale production is
possible.
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